Abstract Various parts of Mimusops elengi Linn. (Sapotaceae) have been used widely in traditional Indian medicine for the treatment of pain, inflammation and wounds. The study was conducted to explore the use of stem bark of M. elengi on pharmacological grounds and to evaluate the scientific basis of cytotoxic and anti-tumor activity. Extract/fractions were prepared and in vitro cytotoxicity was assessed using SRB assay. Most effective fractions were subjected to fluorescence microscopy based acridine orange/ethidium bromide (AO/EB) and Hoechst 33342 staining to determine apoptosis induction and DNA fragmentation assay. Comet and micronuclei assay were performed to assess genotoxicity. Cell cycle analysis was also performed. In vivo anti-tumor potential was evaluated by Ehrlich ascites carcinoma (EAC) model in mice. The alcoholic stem bark extract of M. elengi along with four fractions showed potential in vitro cytotoxicity in SRB assay. Of these, dichloromethane and ethyl acetate fractions were selected for further studies. The fractions revealed apoptosis inducing potential in AO/EB and Hoechst 33342 staining, which was further confirmed by DNA fragmentation assay. Genotoxic potential was revealed by comet and micronuclei assay. Fractions also exhibited specific cell cycle inhibition in G 0 /G 1 phase. In EAC model, ethyl acetate fraction along with the standard (cisplatin) effectively reduced the increase in body weight compared to control and improved mean survival time. Both fractions were able to restore the altered hematological and biochemical parameters. Hence, M. elengi stem bark may be a possible therapeutic candidate having cytotoxic and anti-tumor potential.
Introduction
Cancer is one of the most lethal disorders affecting many countries of the world irrespective of growth and wealth. Cancer is a disease characterized by uncontrolled, uncoordinated and undesirable cell division (Evert 2010) . There are various modalities of cancer treatment, which include surgery, chemotherapy and radiation therapy. The challenges in these contemporary treatments of cancer are toxicity of drug, drug resistance and low specificity. The treatment of cancer is quite different from other disorders as there are very few differences between normal rapidly growing cells and cancerous cells. One of the extremely promising strategies for cancer management is chemoprevention, which is defined as the use of natural agents obtained from medicinal plants to prevent the development of cancer in humans. It has been estimated that about 50 % of the prescription products in Europe and USA are originating from natural products or their derivatives (Newman et al. 2003) . Out of the 250,000-500,000 plant species on earth, only 1-10 % have been studied chemically and pharmacologically for their potential medicinal value (Verpoorte 2000) . Plant derived drugs have a profound impact on anticancer research, where drugs like vinblastine, vincristine, taxol and camptothecin have improved survival in patients undergoing chemotherapy for some types of cancer. The continuing search for new anticancer compounds in plants and traditional food is a realistic and promising strategy for its prevention (Hu et al. 2009 ). Numerous chemical groups with anticancer properties are derived from plants including alkaloids, phenylpropanoids and terpenoids (Park et al. 2008) .
India represented by its rich flora of medicinal plants, tradition and natural biodiversity, offers a unique opportunity for drug discovery researchers (Gautam et al. 2007 ). This country is well recognized for its heritage of the world's most ancient traditional system of medicine, Ayurveda (Gautam et al. 2009 ). One of the best approaches in the search for anticancer agent from plant resource is the selection of plant species based upon ethno-medical leads.
Here, the plant, Mimusops elengi Linn. (ME) commonly known as Randal in Kannada is used in Indian medicine as a febrifuge, cardiotonic, alexipharmic, stomachic, astringent and stimulant (Jahan et al. 2001) . Various parts of the plant have been reportedly used in traditional medicine. Leaves show antioxidant activity while the bark exhibits antimicrobial, anti-ulcer and anti-hyperglycemic activity (Jerline et al. 2009 ), wound healing, anti-inflammatory, analgesic and antipyretic activity (Shah et al. 2003) . Fruit of this plant has antioxidant property (Boonyuen et al. 2009 ) and antibacterial activity (Ali et al. 2008 ). The present study investigates the anticancer potential of the plant, mainly the stem bark of M. elengi Linn. by subjecting it to various in vitro assays and subsequent in vivo studies.
Materials and methods

Test drug preparation
To screen in vitro cytotoxicity, test compounds were prepared just prior to the experiment and serially diluted with suitable media to get the different concentrations (25-500 lg/ml). The final concentration of DMSO was 0.5 %. For animal studies, extract was suspended in 0.25 % Sodium CMC (sodium carboxy methyl cellulose) (Merck Specialities Pvt. Ltd., Mumbai, India) and were administered intraperitoneally (i.p.). For in vitro apoptotic studies conducted, the concentration of the extract/fraction and standard, doxorubicin (Fresenius Kabi Oncology Ltd., H.P., India), used was 150 and 2 lg/ml, respectively.
Cell lines and culture media
Ehrlich ascites carcinoma (EAC) cells originally obtained from Amala Cancer Research Center (Amala Nagar, Thrissur, Kerala, India) was maintained and propagated by serial intraperitoneal transplantation in adult Swiss albino mice in an aseptic environment and maintained by regular propagation in Central Animal Research Facility (Manipal University, Manipal, Karnataka, India). The ascites carcinoma bearing mice were used 12-15 days after tumor transplantation. The ascites fluid was drawn using an 18 gauge needle into sterile syringe. The ascites fluid was suitably diluted in normal saline to get a concentration of 1 9 10 6 cells/ml of tumor cell suspension. From this stock suspension, 0.25 ml (2.5 9 10 6 cells/mice, i.p.) was injected to obtain ascites tumor.
Human epithelial cervical carcinoma cell line (HeLa), human lung adenocarcinoma (A549), human breast adenocarcinoma (MCF7), human normal breast epithelium cells (HBL-100), human neuronal glioblastoma (U343) were procured from National Centre for Cell Sciences (Pune, Maharashtra, India) and cultured with Dulbecco's Modified Eagle's Medium (DMEM) (Sigma-Aldrich Co. LLC, St. Louis, MO, USA) supplemented with 10 % Fetal Bovine Serum (FBS) (HiMedia Laboratories, Mumbai, India) and 1 9 Penicillin/Streptomycin at 37°C in CO 2 incubator (NU-5501E/G, NuAire Inc., Plymouth, MN, USA) in humidified atmosphere of 5 % CO 2 and 95 % air. The cells were maintained by routine sub-culturing in 25 cm 2 tissue culture flasks. 
Preparation of extract
Alcoholic extract The coarsely powdered (1,000 g) oven-dried bark of ME was extracted with methanol by using soxhlet apparatus for 40 h. After completion of extraction, the solvent was removed by distillation and concentrated. The yield obtained was 28.8 % w/v. 
Fractionation of alcoholic extract
Phytochemical analysis and HPLC characterization
Total flavonoid content was estimated using aluminum chloride (AlCl 3 ) according to the previously described method (Chang et al. 2002) . Total phenolic content was determined using Folin-Ciocalteau reagent (Atanassova et al. 2011 ) while the tannin content was estimated according to the standard protocol (Killedar and More 2010) . For HPLC analysis, various fractions (1 mg/ml) were dissolved in HPLC grade methanol and subjected to analysis. The HPLC system (Shimadzu Corporation, Kyoto, Japan) was equipped with dual pump LC-20AD binary system, PDA detector SPD-M20A; Merck C 18 reversed-phase column (I.D. 4.6 mm 9 250 mm, 5 lm). Separation was achieved with a two-pump linear gradient program for pump A (acetonitrile) and pump B (water containing 0.1 % formic acid). Elution was initiated with a gradient of 10 % B changing to 70 % in 25 min and finally to 10 % in 35 min followed by washing for 40 min. Flow rate and injection volume were 1 ml/min and 20 ll, respectively.
Preliminary in vitro cytotoxicity screening
Sulforhodamine B (SRB) assay
Sulforhodamine B assay is carried out to measure drug induced cytotoxicity and cell proliferation for large scale drug screening applications (Rubinstein et al. 1990) . Exponentially growing cells were harvested from tissue culture flask and were seeded in 96-well plates (5 9 10 3 cells/well in 100 ll of medium) and allowed to attach for 24 h at 37°C in CO 2 incubator. Test compounds prepared just prior to the experiment and serially diluted with suitable media to get different concentrations (25-500 lg/ml). The final concentration of DMSO was 0.5 %. After 48 h, cells in each well were fixed by addition of 100 ll of cold (4°C) 10 % w/v trichloroacetic acid (TCA) into the growth medium and kept at 4°C for 1 h. Each plate was gently washed five times with deionized water to remove TCA, growth medium and dead cells. Plates were allowed to dry and in each well 50 ll of 0.5 % v/v SRB dye (Sigma-Aldrich Co. LLC, St. Louis, MO, USA) solution was added and placed for 30 min at room temperature. At the end of the staining period, unbound SRB was removed by washing four times Cytotechnology (2016) 68:861-877 863 with 1 % of acetic acid solution. ) were seeded in 6 well plate in 2 ml of DMEM medium supplemented with 10 % FBS and allowed to attach for 24 h. Cells were treated with selected fraction (MED and MEE) (150 lg/ml), vehicle control and positive control (doxorubicin; 2 lg/ml) for 48 h at 37°C in CO 2 incubator. After treatment, cells were collected and centrifuged at 1,200 rpm for 4 min and supernatant discarded. The pellet was re-suspended in 1 ml of HBSS. 5 ll of Ethidium bromide and 5 ll of Acridine orange solutions was added and the cells were kept in the incubator for 10 min. Cells were centrifuged, supernatant discarded and pellet dislodged in HBSS. The cell suspension was placed on a slide and observed under fluorescent microscope (Eclipse TS100F, Nikon Instruments Inc., Tokyo, Japan) with 450-490 nm excitation and 520 nm emission.
Hoechst 33342 DNA staining
Hoechst 33342 is a vital DNA stain that binds preferentially to A-T base pairs. In contrast to normal cells, the nuclei of apoptotic cells have highly condensed chromatin that is uniformly stained by Hoechst 33342. In brief, cells were treated with selected fractions for 48 h. After treatment with selected fractions (MED and MEE) (150 lg/ml) and doxorubicin 2 lg/ml, cells were centrifuged and supernatant discarded. The pellet was re-suspended using HBSS. 5 ll of Hoechst 33342 dye was added and the cells were kept in the incubator for 10 min. Then they were centrifuged for 4 min at 4°C. The supernatant was discarded and the pellet was resuspended in HBSS. 20 ll of this cell suspension was placed on a slide and observed under a fluorescent microscope (Eclipse TS100F, Nikon Instruments Inc., Tokyo, Japan) at 350 nm excitation and 450 nm emission.
DNA fragmentation assay
A DNA ladder represents a band of DNA molecules of varying length separated in agarose gel by electrophoresis (Singh et al. 1998) . The gel was prepared by adding agarose to electrophoresis buffer. The solution was placed in a microwave oven until the agarose particles got dissolved. The molten agarose was cooled and ethidium bromide solution was added. In brief, seeded cells were treated with the selected fractions (MED and MEE) (150 lg/ml), vehicle control or standard (Doxorubicin) (2 lg/ml) for 48 h. Cells were then collected, centrifuged and lysis buffer was added to the cell pellet. Cell pellet in lysis buffer was incubated for 1 h followed by incubation with RNase solution for 1 h. The processed cells were cooled and loaded into wells of agarose gel followed by electrophoresis (Mini-Sub Ò Cell GT System, Bio-Rad Laboratories Inc., Hercules, CA, USA). Images were taken using the gel documentation system (UVItec Limited, Cambridge, UK).
Alkaline comet assay
The genotoxic potential was assessed by alkaline comet assay in which DNA is allowed to unwind at pH 13. The supercoiled DNA relaxes around areas of DNA breaks, unwinding and spilling out as a 'halo' surrounding the nucleoid. Electrophoresis at mildly alkaline or strongly alkaline condition follows the unwinding step. The relaxed loops of damaged DNA containing breaks are pulled towards the anode during electrophoresis and forming a comet 'tail' while the DNA remaining coiled within the nucleoid forms the comet 'head'. The comet is visualized using a DNA staining fluorescent dye (Singh et al. 1988) . In brief, seeded cells were treated with the selected fractions (MED and MEE) (150 lg/ml) or doxorubicin (2 lg/ml) for 48 h. Microscopic slides were prepared by dipping in hot normal melting agarose (NMA) solution. The treated cells were trypsinized and 50 ll of cell suspension was diluted with 150 ll hot low melting agarose (LMA) for each slide. This cell suspension in LMA was layered on labeled slides previously coated with NMA and cover slip was placed over it. Removing the cover slip a third layer of LMA was added to the slide and cover slip was placed and kept on ice pack. Cover slip was removed slowly and slides were immersed in freshly prepared lysing solution and kept overnight. After that slides were removed from lysing solution and kept in electrophoresis unit filled with cold alkaline buffer. Slides kept in alkaline buffer for 1 h and then electrophoresis was carried out. Neutralization buffer was added drop wise over slides 2-3 times and drained. Slides were stained with ethidium bromide and observed under microscope. % of Head DNA, Tail DNA, and Olive tail DNA moment was noted and compared with control using CASPLab version 1.2.2.
Micronucleus assay
Micronucleus induction is a key characteristic of genotoxic compounds and analysis of micronuclei formation resulting from DNA strand breakage or interference with chromosome segregation. The cytokinesis block micronucleus assay was carried out according to the previously described method (Fenech and Morley 1985) . After treatment with MED and MEE (150 lg/ml) or doxorubicin (2 lg/ml), cell cultures were incubated at 37°C. The culture was harvested 72 h after initiation and cells were collected by centrifugation. Cells was subjected to a mild hypotonic (0.56 % potassium chloride) treatment for 2 min, centrifuged and fixed in Carnoy's fixative. After centrifugation, cells was re-suspended in a small volume of fixative and spread onto pre-cleaned slides. The slides were stained with 0.01 % acridine orange in PBS buffer and washed twice. The buffer mounted slide was observed under a fluorescent microscope for the presence of micronuclei.
Cell cycle analysis
Cell cycle analysis was performed by flow cytometric measurement of DNA content of the cells based on Propidium iodide staining. For cell cycle analysis, A549 and HeLa cells were harvested after 48 h treatment with selected fractions (MED and MEE) (150 lg/ml) or doxorubicin (2 lg/ml). Control comprised of cells without any treatment and DMSO was used as the vehicle control. Cells were washed twice with PBS and then fixed with 70 % ice cold ethanol at -20°C overnight. Cells was centrifuged and washed with PBS after completely removing the alcohol. Cells were stained at 37°C with phosphate buffered saline containing 50 lg/ml of RNase A for 3 h. Then 25 lg/ml of propidium iodide was added and analyzed by flow cytometry (Accuri TM C6, BD Biosciences, San Jose, CA, USA).
In vitro antioxidant assays in selected fractions
DPPH and ABTS assay
Reaction of different fractions of the extract was carried out with DPPH (2,2-diphenyl-1-picrylhydrazyl) radical and ABTS (2,2 0 -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)) radical anion which were purchased from Sigma-Aldrich Co. LLC, St. Louis, MO, USA. (Bansal et al. 2011) . 200 lM DPPH in methanol was mixed with different concentrations of extracts (3-100 lg/ml) in methanol, and kept in dark for 20 min. The absorbance at 517 nm was measured both in presence and absence of extracts. The reaction of ABTS Á-was carried out by mixing 100 ll ABTS (produced by reaction of 2 mM ABTS with 70 mM potassium persulfate in phosphate buffer) with different concentrations of extracts (3-100 lg/ml) and the absorbance was monitored at 734 nm. The experiment was performed in triplicate and ascorbic acid was used as standard.
In vivo animal studies with selected fractions
Toxicological studies
Acute toxicity study was carried out to determine the safe dose as per OECD 425 guidelines.
In vivo cytotoxic activity in EAC inoculated mice
Tumor induction and propagation were carried out according to the method described previously (Jagetia and Rao 2006) . The viable EAC cells (2.5 9 10 6 cells/mouse, i.p.) were injected into each mouse in aseptic condition and the day of tumor inoculation was considered as day zero. On day one, the tumor-bearing animals were randomly divided into experimental groups and treated with test compound or vehicle. 
Group 3 and 4 (MED)
Groups were treated with dichloromethane fraction-100 and 200 mg/kg, i.p.
Group 5 and 6 (MEE)
Groups were treated with the ethyl acetate fraction-100 and 200 mg/kg, i.p.
The extracts were administered on the 1st, 2nd, 3rd, 5th, 7th, 9th, 11th and 13th day of tumor inoculation as per protocol described (Gopal et al. 2003) . Cisplatin (single dose, 3.5 mg/kg, i.p.) was injected on the 1st day which served as standard drug. On day 0, 3, 6, 9, 12, and 15, animals were weighed to assess the tumor development. Percentage increase in body weight was calculated comparing to zero day body weight. The animals were monitored daily twice for 45 days and mortality was recorded to calculate the Mean Survival Time (MST) and percentage increase in mean life span (%IMLS). The MST was calculated by dividing the total number of days animals survived to the total number of animals in experiment. The % IMLS time was calculated as per the formula;
MST in treated group=MST in the control group ð Þ À 1 ½ Â 100:
For whole blood count and endogenous antioxidant enzyme, the most effective extract/fraction was studied. Blood was withdrawn on the 14th day by retro orbital plexus. WBC (White Blood Cells), RBC (Red Blood Cells) and hemoglobin were measured using veterinary blood cell counter (PCE-210 VET, ERMA Inc., Tokyo, Japan). After blood withdrawal, animals were sacrificed. Liver was dissected out after transcardial perfusion with ice-cold saline. Whole liver was blot dried, weighed and a 10 % tissue homogenate was prepared with ice-cold potassium chloride (150 mM) using a homogenizer (RQT-127A/D, REMI Group, Mumbai, Maharashtra, India). The tissue homogenate was used for the estimation glutathione with few modifications (Moron et al. 1979) . In brief, proteins in liver homogenate were precipitated using trichloroacetic acid, centrifuged and supernatant collected. The obtained supernatant was mixed with phosphate buffer saline and Ellman's reagent and incubated for 10 min at room temperature. The absorbance of the sample was recorded against blank at 412 nm (UV-1650C, Shimadzu Corp., Tokyo, Japan). The levels of catalase were estimated according to the described procedure (Aebi 1984) with few modifications. In brief, hydrogen peroxide-phosphate buffer saline solution was mixed with liver homogenate and the absorbance was recorded at 240 nm (UV-1650C, Shimadzu Corp., Tokyo, Japan). Lipid peroxidation was measured using the levels of Malondialdehyde (MDA) according to the previously described procedure with few modifications (Konings and Driver 1979) . In brief, tissue homogenate was mixed with thiobarbituric acid trichloroacetic acidbutylated hydroxytoluene solution and incubated for 5 min at 30°C, followed by heating at 80°C, for 10 min. Then it was centrifuged and absorbance of the supernatant was measured at 532 nm (UV-1650C, Shimadzu Corp., Tokyo, Japan).
Statistical analysis
Data represented are mean -SEM of the indicated number of experiments. Statistical analysis was carried out by using one way ANOVA followed by Dunnett's post hoc test and two-way ANOVA followed by Bonferroni post hoc test (Prism 5.03 Demo Version, GraphPad Software Inc. La Jolla, CA, USA). A value of p \ 0.05, p \ 0.01 and p \ 0.001 was considered to be significant.
Results
Phytochemical screening and HPLC analysis
The total flavonoid content in the aqueous bark extract was 4.93 lg/mg of Quercetin equivalent, total phenolic content was 217.82 lg/mg of Gallic acid equivalent and tannin content was 0.057 % w/w. The chromatogram obtained from the HPLC analysis of various fractions is shown in Fig. 1 IC 50 value of doxorubicin was found to be 1.9 ± 0.43 and 2.2 ± 0.87 lg/ml by SRB assay for HeLa and U343, respectively Table 3 shows the % tail DNA and olive tail moment (OTM) of the treatment groups. Micronuclei formation assay Formation of micronuclei was observed after 48 h of treatment with MED and MEE. Doxorubicin which served as positive control also showed the formation of micronuclei. Figure 6 showed the formation of micronuclei in three different cell lines with various treatments. However, control group did not show the formation of micronuclei suggesting that the treatment had the ability to modify chromosome structure and segregation in such a way as to lead the induction of micronuclei in interphase cells.
Cell cycle analysis
In the HeLa cell line, an increase was observed in percentage of cells in G 0 /G 1 phase from 74 % (untreated) to that of 81 % (treated with MED). An increase in G 2 /M phase arrest of 18 % (treated with MEE) as compared to 12 % (untreated) was also observed. In the A549 cell line, similar kind of trend was seen. Percentage of cells in G 0 /G 1 phase was increased (89 %) with MED treatment compared to untreated cells (75 %). 6 % cells were in G 2 /M phase and 82 % cell in G 0 /G 1 phase with MEE treatment as compared to untreated which was 11 % and 75 %, respectively. Doxorubicin which served as positive control showed 48 and 38 % G 2 /M phase arrest in HeLa and A549 cells, respectively. Figure 7 shows the data obtained from flow cytometric measurement in various cell lines.
In vitro antioxidant activity various fractions are shown (Table 4 ). The IC 50 value of ascorbic acid which served as standard was found to be 8.4 and 13.3 lg/ml, from DPPH and ABTS assay.
Toxicological study
Both MED and MEE fractions were found to be safe and well tolerated at a dose of 2,000 mg/kg, i.p. No signs of toxicity were observed and all vital signs were normal.
In vivo EAC tumor model
Change in body weight in EAC inoculated mice
Treatment with MED and MEE fractions reduced the body weight compared to control. Tumor development was observed from the 5th day and was steady till the last day of the study, i.e. the 15th day. Maximum weight gain was observed to be 32 % in EAC control bearing mice on the last day. MEE at a dose of 100 and 200 mg/kg reduced the body weight as compared to control. At a similar dose MED reduced the body weight compared to control. Cisplatin which was injected on the first day reduced the increase in body weight as compared to control (Fig. 8) .
Change in mean survival time and %IMLS in EAC inoculated mice
In EAC control group, a drastic fall in MST (13.5 ± 1.33 days) was observed when compared to sham mice (45 days). In the control group first death was observed on the 9th day and all animals dies by day 18 (Fig. 9) . However, Cisplatin significantly increased the MST (32.5 ± 1.05 days) and %IMLS (140.0) when compared to vehicle treatment (Fig. 10) . Both MED and MEE significantly increased the MST and %IMLS in comparison with control. Among the four treatments, MEE was the most effective. So MEE (at 100 and 200 mg/kg) was selected for further hematological studies and endogenous antioxidant parameters.
Effect on hematological parameters in EAC inoculated mice
An increase in WBC count was observed in EAC control group at the end of 14th day. Treatment with 200 mg/kg dose of MEE significantly (p \ 0.05) reduced the WBC count compared to control. Cisplatin treatment also reduced the elevated WBC count. Similarly, RBC count was drastically reduced in control group. Treatment with higher dose of MEE showed improvement in the RBC count. Cisplatin also improved RBC count. Hemoglobin content was significantly reduced in EAC control mice and treatment with cisplatin significantly prevented this reduction. MEE at both doses significantly showed improvement in hemoglobin content compared to control (Fig. 11) .
Effect on liver antioxidant enzymes in EAC inoculated mice
On day 14, the levels of lipid peroxidation in liver tissue was increased by 56 % in EAC control group as compared to normal group (p \ 0.05). MEE (at both dose) reduced the lipid peroxidation by 40 and 49 %, respectively, in comparison to EAC control (p \ 0.05). Inoculation of EAC drastically decreased the GSH content when compared to normal group (Fig. 12) . Treatment with MEE increased GSH levels as compared to EAC control group. Catalase levels in EAC control group decreased by 74.1 % (p \ 0.05) compared with normal group. Treatment with MEE increased catalase levels by more than 50 % when compared to EAC control. Cisplatin treatment significantly reduced the EAC induced fall in GSH and catalase content.
Discussion
The main objective of the study was to evaluate the anti-tumor potential of ME in various cell lines and also in animal model of cancer. The present study revealed that two fractions of the crude alcoholic extract, MED and MEE, showed significant reduction in cancer growth in both in vitro and in vivo models. In preliminary cytotoxic screening by the SRB assay, two fractions of the crude alcoholic extract, i.e. dichloromethane and ethyl acetate fraction showed potential cytotoxicity on various cell lines. The SRB assay relies on the uptake of the negatively charged pink aminoxanthine dye SRB by basic amino acids in the cells. The greater the number of cells, the greater is the amount of dye taken up. The SRB assay is sensitive, simple, reproducible and more rapid than the formazan based assay and gives better linearity. Further investigations were performed to ensure whether the cytotoxicity observed in the cancer cell lines was owing to necrosis or apoptosis which are key processes involved in cell death. Staining cells with fluorescent dyes, including acridine orange and ethidium bromide, is used in evaluating the nuclear morphology of dead cells. To corroborate this, cancer cell lines were treated with selected fractions and were analyzed in presence of AO/EB staining. The percentage of apoptotic cells after treatment increased significantly compared to control in all cell types. Another fluorescent microscopy based assay, Hoechst 33342 (bisbenzimidazole dye) was carried out to find out the apoptosis inducing potential of the plant extract/fractions. Hoechst 33342 staining resulted in uniform stained unfragmented nuclei in case of untreated cells, but cells treated with selected fractions exhibited hallmark features of apoptosis such as fragmented nuclei with condensed chromatin which was visible as bright blue colored intense spot. These result further supported the ability of the fractions in inducing apoptosis. DNA fragmentation (ladder) assay represents a band of DNA molecule of varying lengths separated in agarose gel electrophoresis. DNA fragmentation is a hallmark of apoptosis and has been regarded as a critical process in apoptosis. Apoptotic DNA cleavage produces a characteristic pattern of both high and low molecular weight fragments. Initially, large 50-300 kbp DNA fragments are generated and as degradation progresses, oligonucleosmal ladders are produced, at least in some cell types (Walker and Sikorska 1997) . DNA fragmentation was used to determine whether the anti-proliferative effect of selected fractions on cancer cell lines acted through the apoptotic pathway. Fragmented DNA was observed in cells treated with the two fractions and positive control after 48 h of treatment, confirming cell death through apoptotic pathway.
DNA strand break, as described in the apoptotic process occurs as a result of attack by genotoxic agents which cause DNA damage. Staining with ethidium bromide or other DNA specific dyes reveals damaged DNA as visible comets. The staining intensity and length of the comet tails reflect the degree of DNA damage. Results showed an increase in comet parameters, such as % DNA in tail and olive tail moment (OTM) through treatment with selected fractions when compared to control in all cell types. Emergence of micronuclei formation is attributed in the ability of cytotoxic agents to provoke DNA strand break either directly as for irradiation or indirectly as a result of drug insertion into the DNA helix (Kasparkova et al. 2002) . We found that the fractions were able to induce micronuclei in all tested cancer cell lines. This indicated the ability of fractions to cause chromosomal damage and genome instability, which might be a possible reason of cancerous cell death.
Cell cycle analysis using flow cytometry provides us with information regarding the different checkpoints of the cell cycle (G 0 /G 1 , S and G 2 /M phase) based upon the DNA content (2n-4n) (Darzynkiewicz and Zhao 2014) . This study helps us to assess the ability of the test compound to arrest cell cycle in any of these phases. G 1 checkpoint is involved in the initiation of cell cycle progression. During DNA damage (physical or chemical), it can push the cell to repair itself. If repair fails, the accumulation of phosphorylated p53 leads to the activation of mitochondrial pathway of apoptosis (Bates and Vousden 1996; Lee et al. 2003) . The results suggest that the antiproliferative effect of various fractions of the plant was through the inhibition of cell cycle at the G 0 /G 1 phase.
Oxidative stress is closely related to all aspects of cancer. In our study the two fractions were also screened for in vitro free radical scavenging activity. Both the fractions scavenged DPPH and ABTS Á-radicals with IC 50 value of \15 lg/ml through DPPH assay and \6 lg/ml through ABTS Á-assay. These suggested the protective effect of the fractions from free radical damage. Based on the data obtained from in vitro studies, we further proceeded with the two fractions (MED and MEE) for screening their antitumor potential in transplantable liquid tumor model in mice. EAC model was used to screen the antitumor potential of these fractions. Initially, the fractions were screened for their toxicity as per OECD 425 guidelines. The study revealed no potential toxicity with the fractions. Based upon the results, two doses of each fraction were selected for further screening. MED and MEE were used at a dose of 100 and 200 mg/kg. The MST of animals treated with high doses of MED was found to be 20 days as compared to 13.5 days in the EAC control group. With high doses of MEE, mean survival was found to be 29 days. The mean survival time of animals treated with standard, cisplatin was found to be 33 days. A drastic increase in body weight was observed in EAC inoculated mice. Treatment with MEE (100 mg/kg) was found to be more effective in reducing the weight gain in animals due to liquid tumor growth compared to the control group. In the current study, prolongation of life span was a major criterion in determining the effectiveness of anticancer compounds (Hogland 1982) . Both doses of MEE were found to increase lifespan of the treated animals as compared to control. The data confirmed the antitumor potential of the plant extract, particularly the ethyl acetate fraction.
Various studies suggested that in EAC bearing mice there is a drastic increase in WBC count and reduction in RBC count and hemoglobin levels (Price and Greenfield 1958) . Similar results were observed in the present study. Treatment with higher dose of MEE reduced the elevated WBC levels compared to control group. Improvement in hemoglobin levels was also observed in mice treated with both doses of MEE as compared to control. However, there was no significant improvement in RBC count in the treated group. This suggested that the extracts had an ameliorative effect on the hematological parameters. Previous studies reported that plants reduce EACinduced myelotoxicity due to their immune boosting, antioxidant and free radical scavenging activity (Manjula et al. 2010) . Depletion of endogenous antioxidant enzyme and increase in free radical generation is a major concern in cancer (Szatrowski and Nathan 1991) . The antioxidant enzyme glutathione peroxidase, catalase, superoxide dismutase metabolize oxidative toxic intermediates and prevent from free radical damage. In the present study, a significant fall in hepatic GSH and catalase levels was observed in EAC inoculated mice. Increase in MDA levels was also observed which supported the development of oxidative stress in tumor bearing mice. Antioxidants have been known for their potential to prevent the free radical damage associated with cancer. Oxidative free radicals which are considered as potential carcinogens can be balanced by the antioxidant action of non-enzymatic antioxidants as well of antioxidant enzymes (Valco et al. 2004) . Studies have also shown that antioxidants can inhibit growth of tumor cells by inhibiting cellular differentiation (Storz et al. 1990 ). The regulation of gene expression by antioxidants has a major role in the pathogenesis of various diseases. Critical steps in the signal transduction cascade are sensitive to oxidants and antioxidants (Sen and Packer 1996) . Studies have shown that plant derived antioxidants showed cytotoxicity towards tumor cells (Rao et al. 2007) . In vitro antioxidant studies carried out with two active fractions of the extract showed potential free radical scavenging activity. Both DPPH and ABTS assay revealed the antioxidant activity of these fractions. Plants have served as a good source of anticancer agents based upon the ethnobotanical significance (Hartwell 1976 ) which our study revealed.
In conclusion, the present study provided us with information that M. elengi possesses significant antitumor activity in both in vitro and in vivo system. Ethyl acetate fraction was found to be most effective among various other fractions. Our study showed that cell death in cancer cell lines were due to apoptosis. Flow cytometric data revealed that the fraction was a cell cycle specific inhibitor. The exact mechanism involved in the anticancer activity exhibited by the plant is beyond the scope of the present study, however, based on the studies performed, the cytotoxic potential of M. elengi may be mediated via the mitochondrial apoptotic pathway. 
